E-duordo Oannemann (1919 • 1959} 
Catharina Bigler (1947 - 1981} 
Carl EJmctimann {1900 - 1941} 
Luijr de ipanema Moreira {1927 ■ i990j 

Conselhetros 
Gert Egon Oannemann 
M. Pestana da Siiva Neoo 
Samir Saxt MaOieus 
Tannay de Farias 

Rio de Janeiro 
Petei Dirk Siemsen 
David Merrytoas 
Gisaia Fischer 
Jose Antonk) D. L Faria Correa 
Liiiz HenrkHie 0. do Amaral 
Maria rhereza M.WoW 
Raul Hey 

Carlos Ce2ar Cordeiio Pires 
Ivan Baceitar AUtert 
Maria Carmen de Souza Brito 
Peler Eduardo Siemsen 
ElisabeUi Siemsen do Amaral 
Ana Lucia de Sousa Borda 
Caria Tiedemann C Baneto 
Amno Jose Ventura Gorini 
A. Weoar N. MHagre 
Jose Hduardo Campos Vfoira 
_ Jorge Knauss de Mendon^a 

Semir da Silva Fonseca 
AK/aio Loureiio Oth/eUa 
Ralaela Borges Walter Carneiro 
Roger Charles Taylor Troth 
Joaquim Eugenio Goularl 
jose Henrique Vasi Werner 
Marcos Vdasco Figueiredo 
Rodrigo Borges Carneiro 
Mauro Ivan C. R. dos Santos 
Maria Edina do 0. C. Portinari 

Renata Hohl 
Mamjeia Romana Gomes Carneiro 
Marcia de Oliveira Artechinno 
Andrd Luiz Souza Alvarez 
Eduardo da Gama Camara Junior 
Sydlnea de Souza Trlndade 
Sandra Leis 
Roberto da Silveira Tones Junior 
Jussaia Tolenlino N. Trindade 
Tdnia Luda B. EnQellce 
Roberta X. da S. Calazans 
Rodrigo Rocha de Souza 
Fibpe Fonteles Caliral 
Rataet Otas de Uma 
Flavia C. de CM. AmaraJ 
CarxJida Ribeiro Catte 
Rita Capra Vlelra 
Andre Ferreira Oliveira 
Satrina Cassard 
Mariana A. G, de Souza Starling 
Josd Eduardo de V. Pieri 
Marfcus Michael de M. Wolff 
Mauricio Teixetra Oesiderio 
Vdlkhart Hanewald 
Brur^o Lopes Holflnger 
Gustavo Heitoi P. L. de Andrade 
AmSncIo Paulo Neto 
Alexia Maria de Aragdo da Costa 
Rafael A(at> de Araujo 

Pauic Roberto Diamante 

Consultores 
Marco Af^onio Oon<;alves 
Jos6 Marceio de O. Fernandes 
Marcella Souza G. S. Freire 

Sao Peuto 
Gustavo de FreHas Morais 
Henrique Steuer I. de Meilo 
Franfc Fischer 
Manna In6s Fuzita Karakanian 

Luiz Gonzaga M. Lobato 
Daniela Thompson S, Martinez 
Sandra Brandao de Abreu 
Claudio Franipa Loureiro 
Fiankfin Batista Gomes 
Ana Carofina Lee Barbosa 
Luis Cartos S. Duarte 
Bruno Falcone 

Consultores 
QabrieiaS. Neves 
Paula Santos e S!h/a 
Ana Claudia Mamsde Carneiro 



AyftPb) da PraiKindacte inrtinlr^ii 
(togisiio If 103 



DANNEMANN 
gHR & 



MAY mi 



Bl 



IPANEMA MOREIRA 



PROPRIEOAOE INDUSTRIAL 



10/535.5 



Code: 321878002 

EUROPEAN PATENT OFFICE 
Erhardstrasse 27 
D-80298 Munchen 
Alemanha 

Att.: Richmond. R 
Authorized Officer 



Fax.: 0049 89 2399 4465 and confirmation 
by regular mail 



March 3, 2005 



IH 44!)/ Mi qFi.ioriy 



Ref.: PCX - International Patent Application PCT/BR02/001 58 
filed on November 19, 2002 

EMPRESA BRASILEIRA OE COMPRESSORES S.A. - EMBRACO 

Our ref,: PE4457 (ffi) 

Dear Sirs, 

In reply to the first written opinion mailed on January 21 , 2005 together with the ISR and 
also making reference to the Communication Regarding Extension of Time Limit mailed 
on February 17, 2005 granting extension until March 7, 2005, the applicant hereby 
wishes to file the following comments with respect to item V thereof. 

Item V-2 

The applicant has amended claim 1 to include a limitation reciting that the capacitive 
element (Cy) is discharged, at least partly, when the piston (10) passes by the point 
(R) and that thereby the triggering point of the semiconductor electronic device (T) 
delayed in a subsequent cycle in a proportional manner with respect to the time of 
passage of the piston (10) by the point (R). 

Document D1 discloses a system that controls the duty cycle in pulse with modulated 
voltage applied to electric motors. This system is configured to regulate the variations 
of the voltage and the use of a position sensor is not described. This can be 
understood from the passage between lines 27-31 on page 3, in which one can see 
that the amplitude of the piston's movement is kept constant trough the generation of 
a train of constant amplitude rectangular voltage waves, which are inversely 
proportional to the magnitude of the supplied voltage. The passage on page 5, lines 
24-49, refers to control of the linear motor and the reference number 15 refers to the 
output terminal of the circuit bridge 1 7 which therefore do not relate to a sensor. 

Since the subject matter recited in claim 1 is not found in D1, the applicant 
understands that it is new. 

Further, since the system as recited in claim 1 results in a low priced, low 
consumption solution and yet providing a solution to avoid the collision of the piston, 
it is also inventive. 

Item V-3 

The applicant believes that since the method recited in claim 10 (originally filed claim 
11) includes a limitation that the charge level of the capacitive element (Cy) is 
maintained until a position sensor (Sp, Li) has detected the passage of the piston (10) 
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by a predetermined point (R) and that this feature is not taught by D1 , Its subject 
matter should also be considered new. 

The advantages of these features are the same as described in item V-3 and, 
therefore, the subject matter is inventive. 

Item V-4 

Claim 14 (originally filed claim 15) is also reciting the features of the position sensor 
(S) in combination with controlling of a semiconductor electronic device (T) (as also 
recited in the remaining independent claims). Since these features are not taught by 
D1, it is believed that this claim 15 is also new. The same comments concerning 
inventive step apply to this claim. 

ltemV-6 

a) Since claim 1 has been amended, it now recites different features than claim 14 
(originally filed claim 1 5). 

b) The word "associated" was been substituted by "electrically connected" therefore 
correcting the unclearness problem raised in the written opinion. 

0) Independent claims 1 , 10 and 14 have been amended to comply with this item of 
the written opinion. 

d) The specification has been amended to include a comment about D1 . 

e) The applicant is filling a clean version and a version showing the amendments 
made to the original application in order to comply with this requirement. The 
passage of the brief description of the invention has been amended to reflect the 
changes made to the claims. 

Since all the requested amendments and clarifications have been made, the applicant 
expects to receive a favorable IPER. 

Very truly yours, 



Frank Fischer 

e-mail: frank@dannemann.com.br 
Agent for the applicant 



Attachments: pages 3-14 of the specification and claims in clean version and also one version showing 
the amendments 
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piston. This deviation from the middle point of the oscillatory movement is 
proportional to the difference in pressure between the discharge and the suc- 
tion. 

For the above reasons, in this situation, it is necessary to control 
the course of displacement of the piston, by means of a device that controls 
the voltage imposed on the linear motor, re-fed by the information of piston 
position, basically estimated on the basis of the information about the current 
supplied to the motor and the voltage induced in the motor terminals. Solu- 
tions like this are described in documents US 5,342,176. US 5,496.153. US 
1 0 5,450,521 . and US 5,592,073. 

One of these solutions can be found in document EP 0 483 447 

which discloses a system that controls the duty cvcle in pulse with modulated 
voltaoe applied to electric motors. This system is confiqured to regulate the 
piston's movement to operate at constant amplitude, by qeneratina a train of 
15 rectangular voltage waves which are in inverse proportionality to the supplied 
voltaoe. The avoidance of collisions of the piston in this solution is not effec- 
tive. 

Another solution for controlling the movement of the piston is de- 
scribed in document PI 9907432-0. According to the solution described 

20 therein, a monitoring system is foreseen for monitoring the times the piston 
passes by a determined reference point within the compressor. In this way, 
when the residence time of said piston beyond the reference point exceeds a 
pre-established value, the voltage level is momentarily reduced during the 
respective movement, thus avoiding a collision with the valve plate. 

25 Further according to another technique described in document 

JP 11336661, the movement of the piston is controlled by counting discrete 
points thereof along the cylinder of the compressor. In case the piston moves 
excessively, the value of the average voltage applied to the respective motor 
is reduced so as to decrease the movement amplitude of said piston. 

30 Another way adopted to provide re-feeding to this voltage con- 

troller is to observe whether the piston collides with the valve plate. Such a 
collision is detected by means of a microphone or accelerometer, which gen- 
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erates a command for reducing the voltage applied to the motor and conse- 
quently the course of displacement of the piston. 
Objectives of the Invention 

The objective of the invention is to control stroke course of dis- 
5 placement of the piston of a linear compressor or of any fluid-pumping de- 
vice, such as piston-actuated water pumps, allowing the piston to advance as 
far as the end of its mechanical course of displacement, even in extreme load 
conditions, without allowing the piston to collide with the valve system. 

It is also an objective of the present invention to control the 

10 course of displacement of the piston of a linear compressor or of any fluid- 
pumping device, allowing the piston to advance as far as the end of its me- 
chanical course of displacement, even in extreme load conditions, without 
allowing the piston to collide with the valve system, even in the presence of 
external disturbances of the power-feeding network. 

15 Another objective of the present invention is to provide control 

over the course of displacement of the piston of a linear compressor or any 
other fluid-pumping device, without the need for information about the dis- 
placement of the middle point of oscillation of the piston. 

A further objective is to provide control over the amplitude of the 

20 course of oscillation of a linear compressor or any fluid-pumping device, al- 
lowing control over the cooling capacity developed by the compressor. 

Also other objectives of the present invention are to obtain a con- 
trol system that meets the objectives of the present invention, that is easy to 
implement on an industrial scale and that has a low unit cost of manufacture 

25 and replacement, and to obtain a system that is self-fed, dispensing with the 
use of an additional external source, and that still has a low consumption of 
electric energy. 

Brief Descriotion of the Invention 

In order to achieve the objectives of the present Invention, a con- 
30 trol system is foreseen for controlling the movement of a piston in a fluid- 
pumping device, the piston being displaceable in a block of the fluid-pumping 
device and being driven by a motor fed by a voltage. The system comprises 
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a semiconductor electronic device having an outlet and an inlet, the semi- 
conductor electric device cyclically .applyina the voltage to the motor for driv- 
ing the piston, a resistive element, a capacitive element, a piston-position 
sensor for indicating the passage of the piston by a point at the block of the 
fluid-pumping device, the capacitive element beino electrically connected to 
the semiconductor device between and re-feedina the outlet and the inlet, the 
capacitive element trigqerina the semiconductor electronic device to apply 
the voltage to the motor: the capacitive element being charged by means of 
the resistive element at each cycle of application of voltage to the motor, the 
10 capacitive element being discharged at least partly when the piston passes 
by said point. 

Further according to the present invention, the objectives are 
achieved by a method of controlling the movement of a piston in a fluid- 
pumping device, the piston being displaceable in a fluid-pumping device and 
15 being driven by a motor fed by a voltage. This method comprises the steps 
of: charging a capacitive element by means of a resistive element; monitoring 
the movement of the piston by means of a position sensor; maintaining the 
charge level of the capacitive element until the position sensor has detected 
the passage of the piston by a predetermined point at the compressor block; 
20 and discharging the capacitive element at least partly. 

Further according to the teachings of the present invention, these 
objectives are achieved by means of a fluid-pumping device comprising a 
piston displaceable in a block, the piston being driven by a motor fed by a 
voltage. This device comprises a circuit having a semiconductor electronic 
25 device, a resistive element, a capacitive element, a piston-position sensor for 
indicating the passage of the piston by a point at the compressor block. The 
resistive element and the capacitive element are electrically connected t o the 
semiconductor electronic device, re-feeding an outlet and an inlet of the lat- 
ter, the capacitive element being charged by means of the resistive element 
30 and being discharged at least partly when the piston passes by said point. 
Brief Description of the Drawings 

The present invention will now be described in greater detail with 
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reference to one of the embodiments represented in the figures, in which 

- Figure 1 shows a linear compressor schematically; 

- Figure 2 illustrates the curves of piston displacement and the 
voltage on the linear motor provided with the control system of the present 

5 invention; 

- Rgure 3 illustrates a control system for controlling the position 
of the piston of a linear compressor according to a first embodiment of the 
present invention; and 

- Figure 4 illustrates a control system for controlling the position 
10 of the piston of a linear compressor according to a second embodiment of the 

present invention; 

' Figure 5 illustrates the behavior of the signals generated by the 
bidirectional start switch and the time relationship of these signals with the 
voltage of the circuit branch that contains the capacitor Cy. 

15 Detailed Description of the Figures 

As can be seen in figure 1, a linear compressor 1 basically com- 
prises a piston 10 that is displaced in oscillatory motion within the block 5, so 
as to compress a gas that is charged and discharged through a valve plate 
1 1 , which comprises a charge valve 13 and a discharge valve 12. 

20 Typically, an elastic means such as a spring 4 is associated with 

the piston 10, so that the latter can have a resonant movement within the 
block 5 of the compressor 1 . 

The movement of the piston 10 is induced by a linear-type motor 
2, which in turn is driven by an electric voltage V, which should be controlled 

25 in order to prevent the piston 10 from colliding with the plate 1 1 . 

Although the figures illustrate a linear compressor, the object of 
the present invention is applicable to any fluid-pumping device 1 , as for ex- 
ample a water pump. For this purpose, one should only to take into consid- 
eration the constructive differences between such devices. 

30 The methods of controlling the movement of the piston 10 em- 

ployed in earlier techniques include monitoring motion times of the piston by 
means of microcontrolled circuits. The times to be monitored include: (i) resi- 
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dence time %" of the piston 10 beyond a point R that is physically defined in 
its course of displacement, and this point is close to the end of the maximum 
course of displacement M possible to the piston 10. (ii) the time *'tc" of dura- 
tion of the complete cycle, (iii) the time lom" corresponding to the maximum 
5 course of displacement M possible to the piston 10. The average voltage Vm 
applied to the motor 2 is incremented, if the time V is shorter than the de- 
sired time "tod", and vice-versa. And the desired displacement "P" is main- 
tained for supplying a determined cooling capacity (see figure 2). 

The point M is very close to the valve plate 1 1 , being typically at 

10 a distance of some dozens of micrometers, while the point R is located close 
to the valve plate 1 1 , being typically at a distance of from 1 to 2 millimeters, a 
distance sufficient to avoid collision of the piston 10 with said plate 1 1 . 

According to the present invention, and on the basis of the 
above-cited information about the behavior of the piston 1 0, one may replace 

15 the microcontrolled control systems by passive control circuits, thus reducing 
the manufacture costs thanks to the low cost of the pieces, maintenance by 
low consumption of electricity. 

Particularly, according to the present invention, one foresees a 
re-feed (or self-fed) electronic circuit 30, 40 that alters the amplitude of the 

20 course of displacement of the piston 10, with the same approach employed in 
other systems that are controlled by microcontrollers, but without the need for 
monitoring the cited times. 

Thus, according to the present invention, the detection of the 
passage of the piston by the defined physical point R may be effected by 

25 some type of physical sensor S installed inside the compressor 1 , be it of the 
contact, optica! or inductive or any other type (see figure 3, in this case). 
However, this detection may also be effected by adding a magnetic distur- 
bance to the voltage present in the terminals of the motor 2, this disturbance 
being created, for example, by a constructive detail of the magnetic circuit of 

30 the motor. This is the case of the construction of the circuit 40, figure 4. 

According to two preferred solutions described here, the position 
sensor S may comprise the circuits 30, 40 illustrated in figure 3 and 4, which 
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include a position sensor Sp by direct contact and a position sensor U by in- 
ductive sensor, respectively, and which can effect the control automatically, 
without the need to employ a microcontrolled circuit. 

The control system and method are carried out by means of a 
5 tiristor semiconductor device or bidirectional power switch T. which cyclically 
applies an electric voltage V to the motor L The trigger circuit G (gate or inlet 
G) of this switch T is actuated by means of the position sensor Sp, Ls, which 
sends a signal that generates the angle of triggering said switch T, this signal 
causing a retardation time proportional to the discharge level of the capacitor 
10 Cy. The gate circuit G connected to the capacitor Cy, sends a voltage signal 
to the linear motor 2 for a longer or shorter time, for the purpose of adjusting 
the cooling capacity of said linear compressor 1 . 

Figure 5 illustrates the wave shape of the voltage V applied to 
the motor 2 and the stretches where the semiconductor device T does not 
1 5 conduct, as well as the wave shape of the current I. 

As can be seen in figures 1, 3. and 4, according to the teachings 
of the present invention, the capacitor Cy is associated to the semiconductor 
device T, so that it will be associated between - and re-fed - the outlet So 
and the inlet G of the latter, and also in association with the switch S, which 
20 indicates the passage of the piston by the point R. 

Figure 5 illustrates how this solution interferes with the voltage 
level V of the inlet of the motor U- Raising the voltage in the branch of the 
capacitor Cy (see stretch A in figure 5) is a function of the capacitance values 
of the Cy and Cx and of the resistance Rb. In this way, it is possible to adjust 
25 the circuit 30, 40 to varied constructions of the compressor 1 , so that the 
semiconductor electronic device T can be adequately triggered (see stretch 
A' in figure 5, where the semiconductor T conducts). 

The discharge velocity of the capacitor Cy is a function of the ca- 
pacitance values of Cy, Cx and of the resistance values of R. Rt (see stretch 
30 B of the curve in figure 5). which should be designed in an adequate way, so 
that the triggering of the electronic device T will occur in an adequate way. 

As can be seen in figure 3, a first preferred embodiment of the 
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movement-control system includes the circuit 30, which comprises a position 
sensor Sp constituted by an electromechanical switch that is directly driven 
by the piston 10 when the latter passes by the point R, resulting in alteration 
of operation of the semiconductor electronic device T. 
5 In this embodiment, in order to trigger the semiconductor elec- 

tronic device T through the respective gate, the capacitor Cy is charged by 
means of the resistance Rb up to a level Vb (threshold voltage of the transis- 
tor Ta), and remains in this state until the course of displacement of the piston 
10 reaches the point R, where the position sensor Sp will close contact (see 
10 Sp = On in figure 5) for a short period of time and will discharge partly. The 
capacitor Cy, in the next semicycle, will cause the semiconductor electronic 
device T to enter with some delay, as may be inferred from the deformation 
of the voltage curve V at the point 23. illustrated in figure 2 (see also figure 
3). 

15 The residence time at zero level (or a sufficiently low level in the 

winding Lm of the motor 2, so that the latter will not operate) of voltage V will 
depend upon the time during which the contact of the position sensor Sp has 
remained closed and upon the value of Ri + Rt (for example, a thermostat). 
The values Ri + Rt should be such, that when Rt is at the condition of maxi- 

20 mum resistance and the piston 10 reaches the point M, the capacitor Cy will 
be discharged at such a level, that the semiconductor electronic device T will 
not be triggered in the next semicycle. 

According to a second preferred embodiment of the present in- 
vention, and as may be seen in the system 40 illustrated in figure 4, the sen- 

25 sor S is carried out by means of a sensor or inductive element U- 

In this embodiment, the sensor Li detects (see Li = On in figure 
5) the passage of the piston 10, causing the transistor T2 to start conducting, 
discharging at least partly the capacitor Cy and actuating in a way analogous 
to that of the first preferred embodiment of the present invention, 

30 As may be seen in figures 3 and 4, the circuits 30, 40 are self-fed 

and. therefore, they dispense with the use of an external feed source, which 
reduces the costs of manufacture and maintenance. 
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Further, the transistor Ti closes the circuit in the two embodi- 
ments, so as to trigger the electronic device T, actuating as a bidirectional 
switch: now charging the capacitor Cy, now discharging it. 

Since this is a self-fed circuit 30, 40, the present invention brings 
5 about, as an advantage, the possibility of dispensing with the use of an ex- 
ternal feed source, in addition to resulting in a low consumption of electricity 
(in the midiamperes range) and in addition to enabling the replacement 
thereof in the event of a failure. 

in order to implement the application of the systems described 
10 above, the present invention also foresees a method for controlling the 
movement of a piston 10 in a linear compressor 1 or any other tluid-pumping 
device 1 . This method comprises the steps of: 

- charging the capacitive element Cy by means of the resistive 

element Rb, 

15 - monitoring the movement of the piston 10 by means of the posi- 

tion sensor S; 

- maintaining the charge level of the capacitive element Cy until 
the position sensor S has detected the passage of the piston 10 by the point 
R, and 

20 - discharging, at least partly, the capacitive element Cy. 

Once the discharging step is finished, the capacitive element Cy 
is again charged, as may be seen in figure 5. 

It is also an objective of the present invention to construct a fluid- 
pumping device 1 , provided with the system for controlling the movement of 
25 the piston 10, to prevent the latter from bumping into the valve plate 1 1 . 

Thus, according to the present invention and to its teachings, 
collision of the piston 10 with the valve plate 11 may be avoided. The inter- 
mediate situations will serve as a control over the capacity of the compressor 
1. 

30 The system and method of the present invention enable one to 

estimate, at each cycle, the oscillation amplitude of the piston 10 much more 
precisely, enabling the electronic control to react for compensating the varia- 
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tions in the cooling capacity (in the case of application in compressors), 
which are slow variations, maintaining the average amplitude of the course of 
oscillation of the piston 10 at the desired value and equal to P. This system 
and method also enables rapid reactions of the electronic control for com- 
5 pensating shape variations in the operation conditions caused by fluctuations 
in the feed voltage, and these corrections should be imposed at each oscilla- 
tion cycle, so as to correct the amplitude of the stroke of the piston 10 in the 
final portion of its path, after passing by the physical reference point R. 

The system and method of the present invention result in the ad- 

10 vantage of a rapid reaction, with corrections at each cycle, without the need 
for estimates based on the voltage and current imposed on the motor 2, and 
without mistakes due to secondary variables such as temperature, the con- 
struction of the motor 2 and the displacement of the middle point of oscillation 
of the piston due to the average difference in pressure between the faces 8, 

15 9 of the piston 10. 

The present invention enables one to implement an effective 
control over the course of displacement of the piston 10, independently of the 
required cooling capacity, whereby one can prevent the piston 10 from bump- 
ing against the valve plate 11, even in the presence of rapid disturbances 

20 caused by the natural fluctuation of the voltage in the commercial network of 
electric energy. 

Preferred embodiments having been descnbed, it should be un- 
derstood that the scope of the present invention embraces other possible 
variations, being limited only by the contents of the accompanying claims, 
25 which include the possible equivalents. 
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CLAIMS 



1. A control system for controlling the movement of a piston (10) 
in a fluid-pumping device (1), the piston (10) being displaceable in a block (5) 
of the fluid-pumping device (1) and being driven by a motor (2) fed by a volt- 
age (V), ihe system comprising: 

- a semiconductor electronic device (T) havino an outlet IS^ii and 
an inlet (G). the semiconductor electric device IT) cyclically applvinq ;he volt- 
age (V) to the motor (2) to drive the piston (10); 

10 - a resistive element (Rb); 

- a capacitive element (Cy); 

- a piston-position sensor (S) to indicate the passage of the pis- 
ton (10) by a point (R) at the block (5) of the fluid-pumping device (1): and 
the system beinc characterized by: 

15 - the capacitive element (Cv) being electrically connected to the 

semiconductor device (T) between and re-feeding the outlet iS q ) and the 
inlet (G). the capacitive element (Cv) trigqerino the semiconductor electronic 
device CD to apply the voltage (V) t o the motor (2): 

- the capacitive element (Cy) being charged by means of the re- 
20 sistive element (Rb) at each cycle of application of voltage (V) to the motor 

(2). the capacitive element (Cy) being discharged, at least partly, when the 
piston (10) passes by the point (R) and delaying the trioaer point of the 
^semiconductor electronic device (D in a subseouent cycle proportionally to 
the time of passage of the piston (10) bv the point (R). 
25 , 2. A control system according to claim 1 , characterized in that the 

semiconductor electronic device (T) is self-fed by the voltage (V). 

5. A control system according to claim 1, 2, or 3, characterized 
by additionally comprising a triggering semiconductor electronic device (Ti) 
I ,electricallv connected with the inlet (G) and with the capacitive element (Cy) 
30 and resistive element (Rb), 

4. A control system according to any one of claim 1 to 2. charac- 
terized in that the electronic device comprises a bidirectional power switch 
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(T). 

5. A control system according to any one of claim 1 to 4. charac- 
terized in that the sensor (S) is jelectricallv connected with the entry (G) of the 
device (T). 

5 I A control system according to claim 5, characterized in that the 

device (T) is actuated by a semiconductor electronic device (T1). 
( 2- A control system according to claim jg, characterized in that the 

position sensor (S) includes a contact element (Sp) for contact with the piston 
(10), 

1 0 I 5. A control system according to claim characterized in that the 

position sensor (S) includes an inductive element (Li), 

g. A control system according to claim characterized in that the 
inductive element (U) is electrically connected with a semiconductor device 
{T2). 

15 I ia A method of controlling the movement of a piston (10) in a 

fluid-pumping device (1), the piston (10) being displaceable in a block (5) of 
the fluid-pumping device (1) and being driven by a motor (2) fed by a voltage 
I (V), the method pomprising the steps of: 

- charging a capacitive element (Cy) by means of a resistive 
20 element (Rb), 

- monitoring the movement of the piston (10) by means of a posi- 
tion sensor (Sp. Li), and 
the method Jbeino characterized by: 

- maintaining the charge level of the capacitive element (Cy) until 
25 the position sensor (Sp, Li) has detected the passage of the piston (10) by a 

predetermined point (R) at the block (5). and discharging, at least partly, the 
capacitive element (Cy). 
I 11. A method according to claim JO, characterized in that, after 

the step of discharging, the capacitive element (Cy) is again charged. 
30 I 12, A method according to claim ,10 or ,11, characterized in that, 

in the step of monitoring the movement of the piston (10), a contact element 
(Sp) is actuated. 
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;\3. A method according to ciarm ,10 or H. characterized in that, 
in the monitoring step, an inductive element (Li) is actuated, 

J4. A fluid-pumping device (1) comprising a piston (10) displace- 
able in a block (5), the piston (10^ being driven by a motor (2) fed by a volt- 
age (V). and comprisinoB circuit (30, 40) having a semiconductor electronic 
device (T), a resistive element (Re), a capacitive element (Cy) and a piston- 
position sensor (S) to indicate the passage of the piston (10) by a point (R) at 
the block (5); 

the device (n being characterized bv comorising: 
10 - the resistive element (Rb) and the capacitive element (Cy) be- 

I ing plectricallv connected w ith the semiconductor electronic device (T), re- 
feeding an outlet and an inlet (G) of the latter; 

- the capacitive element (Cy) being charged by means of the re- 
sistive element (Rb) and being discharged, at least partly, when the piston 
15 (10) passes by the point (R). 

I J[5. A device according to claim J4, characterized in that the cir- 

cuit (30, 40) is self-fed. 
I J6. A device according to claim J4^or ^5, characterized in that 

the electronic device comprises a bidirectional power switch (T). 
20 I J7. A device according to claim H. or J6, characterized in 

that the position sensor (S) includes a contact element (Sp) for contact with 
the piston (10). 

I JL8. A device according to claim i4. i5, or J^, characterized in 

that the position sensor (S) includes an inductive element (Li). 
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piston. This deviation from the middle point of the oscillatory movement is 
proportional to the difference in pressure between the discharge and the suc- 
tion. 

For the above reasons, in this situation, it is necessary to control 
5 the course of displacement of the piston, by means of a device that controls 
the voltage imposed on the linear motor, re-fed by the information of piston 
position, basically estimated on the basis of the information about the current 
supplied to the motor and the voltage Induced in the motor terminals. Solu- 
tions like this are described in documents US 5,342,176, US 5.496,153. US 
10 5,450.521, and US 5,592,073. 

One of these solutions can be found in document EP 0 483 447 
which discloses a system that controls the duty cycle in pulse with modulated 
voltage applied to electric motors. This system is configured to regulate the 
piston's movement to operate at constant amplitude, by generating a train of 
15 rectangular voltage waves which are in inverse proportionality to the supplied 
voltage. The avoidance of collisions of the piston in this solution is not effec- 
tive. 

Another solution for controlling the movement of the piston is de- 
scribed in document PI 9907432-0. According to the solution described 

20 therein, a monitoring system is foreseen for monitoring the times the piston 
passes by a determined reference point within the compressor. In this way, 
when the residence time of said piston beyond the reference point exceeds a 
pre-established value, the voltage level is momentarily reduced during the 
respective movement, thus avoiding a collision with the valve plate. 

25 Further according to another technique described in document 

JP 1 1336661, the movement of the piston is controlled by counting discrete 
points thereof along the cylinder of the compressor. In case the piston moves 
excessively, the value of the average voltage applied to the respective motor 
is reduced so as to decrease the movement amplitude of said piston. 

30 Another way adopted to provide re-feeding to this voltage con- 

troller is to observe whether the piston collides with the valve plate. Such a 
collision is detected by means of a microphone or accelerometer, which gen- 



i 
i 




erates a command for reducing the voltage applied to the motor and conse- 
quently the course of displacement of the piston. 
Objectives of the Invention 

The objective of the invention is to control stroke course of dis- 
5 placement of the piston of a linear compressor or of any fluid-pumping de- 
vice, such as piston-actuated water pumps, allowing the piston to advance as 
far as the end of its mechanical course of displacement, even in extreme load 
conditions, without allowing the piston to collide with the valve system. 

It is also an objective of the present invention to control the 

10 course of displacement of the piston of a linear compressor or of any fluid- 
pumping device, allowing the piston to advance as far as the end of its me- 
chanical course of displacement, even in extreme load conditions, without 
allowing the piston to collide with the valve system, even in the presence of 
external disturbances of the power-feeding network. 

15 Another objective of the present invention is to provide control 

over the course of displacement of the piston of a linear compressor or any 
other fluid-pumping device, without the need for information about the dis- 
placement of the middle point of oscillation of the piston. 

A further objective is to provide control over the amplitude of the 

20 course of oscillation of a linear compressor or any fluid-pumping device, al- 
lowing control over the cooling capacity developed by the compressor. 

Also other objectives of the present invention are to obtain a con- 
trol system that meets the objectives of the present invention, that is easy to 
implement on an industrial scale and that has a low unit cost of manufacture 

25 and replacement, and to obtain a system that is self-fed, dispensing with the 
use of an additional external source, and that still has a low consumption of 
electric energy. 

Brief Description of the Invention 

In order to achieve the objectives of the present invention, a con- 
30 trol system is foreseen for controlling the movement of a piston in a fluid- 
pumping device, the piston being displaceable in a block of the fluid-pumping 
device and being driven by a motor fed by a voltage. The system comprises 



a semiconductor electronic device having an outlet and an inlet, the semi- 
conductor electric device cyclically applying the voltage to the motor for driv- 
ing the piston, a resistive element, a capacitive element, a piston-position 
sensor for indicating the passage of the piston by a point at the block of the 
5 fluid-pumping device, the capacitive element being electrically connected to 
the semiconductor device between and re-feeding the outlet and the inlet, the 
capacitive element triggering the semiconductor electronic device to apply 
the voltage to the motor; the capacitive element being charged by means of 
the resistive element at each cycle of application of voltage to the motor, the 
10 capacitive element being discharged at least partly when the piston passes 
by said point. 

Further according to the present invention, the objectives are 
achieved by a method of controlling the movement of a piston in a fluid- 
pumping device, the piston being displaceable in a fluid-pumping device and 

15 being driven by a motor fed by a voltage. This method comprises the steps 
of: charging a capacitive element by means of a resistive element; monitoring 
the movement of the piston by means of a position sensor; maintaining the 
charge level of the capacitive element until the position sensor has detected 
the passage of the piston by a predetermined point at the compressor block; 

20 and discharging the capacitive element at least partly. 

Further according to the teachings of the present invention, these 
objectives are achieved by means of a fluid-pumping device comprising a 
piston displaceable in a block, the piston being driven by a motor fed by a 
voltage. This device comprises a circuit having a semiconductor electronic 

25 device, a resistive element, a capacitive element, a piston-position sensor for 
indicating the passage of the piston by a point at the compressor block. The 
resistive element and the capacitive element are electrically connected to the 
semiconductor electronic device, re-feeding an outlet and an inlet of the lat- 
ter, the capacitive element being charged by means of the resistive element 

30 and being discharged at least partly when the piston passes by said point. 
Brief Description of the Drawings 

The present invention will now be described in greater detail with 




reference to one of the embodiments represented in the figures, in which 

- Figure 1 shows a linear compressor schematically; 

- Figure 2 illustrates the cun/es of piston displacement and the 
voltage on the linear motor provided with the control system of the present 

5 invention; 

- Figure 3 illustrates a control system for controlling the position 
of the piston of a linear compressor according to a first embodiment of the 
present invention; and 

- Figure 4 illustrates a control system for controlling the position 
10 of the piston of a linear compressor according to a second embodiment of the 

present invention; 

- Figure 5 illustrates the behavior of the signals generated by the 
bidirectional start switch and the time relationship of these signals with the 
voltage of the circuit branch that contains the capacitor Cy. 

15 Detailed Description of the Figures 

As can be seen in figure 1, a linear compressor 1 basically com- 
prises a piston 10 that is displaced in oscillatory motion within the block 5, so 
as to compress a gas that is charged and discharged through a valve plate 
1 1, which comprises a charge valve 13 and a discharge valve 12. 

20 Typically, an elastic means such as a spring 4 is associated with 

the piston 1 0, so that the latter can have a resonant movement within the 
block 5 of the compressor 1 . 

The movement of the piston 10 is induced by a linear-type motor 
2, which in turn is driven by an electric voltage V, which should be controlled 

25 in order to prevent the piston 10 from colliding with the plate 1 1 . 

Although the figures illustrate a linear compressor, the object of 
the present invention is applicable to any fluid-pumping device 1, as for ex- 
ample a water pump. For this purpose, one should only to take into consid- 
eration the constructive differences between such devices. 

30 The methods of controlling the movement of the piston 10 em- 

ployed in earlier techniques include monitoring motion times of the piston by 
means of microcontrolled circuits. The times to be monitored include: (i) resi- 




dence time "to" of the piston 10 beyond a point R that is physically defined in 
its course of displacement, and this point is close to the end of the maximum 
course of displacement M possible to the piston 10, (ii) the time "tc" of dura- 
tion of the complete cycle, (iii) the time "tom" corresponding to the maximum 
5 course of displacement M possible to the piston 10. The average voltage 
applied to the motor 2 is incremented, if the time "to" is shorter than the de- 
sired time "tod", and vice-versa. And the desired displacement "P" is main- 
tained for supplying a determined cooling capacity (see figure 2). 

The point M is very close to the valve plate 1 1 , being typically at 
10 a distance of some dozens of micrometers, while the point R is located close 
( to the valve plate 1 1 , being typically at a distance of from 1 to 2 millimeters, a 

distance sufficient to avoid collision of the piston 10 with said plate 1 1 . 

According to the present invention, and on the basis of the 
above-cited information about the behavior of the piston 10, one may replace 
15 the microcontrolled control systems by passive control circuits, thus reducing 
the manufacture costs thanks to the low cost of the pieces, maintenance by 
low consumption of electricity. 

Particularly, according to the present invention, one foresees a 
re-feed (or self-fed) electronic circuit 30, 40 that alters the amplitude of the 
20 course of displacement of the piston 10, with the same approach employed in 
other systems that are controlled by microcontrollers, but without the need for 
monitoring the cited times. 

Thus, according to the present invention, the detection of the 
passage of the piston by the defined physical point R may be effected by 
25 some type of physical sensor S installed inside the compressor 1 , be it of the 
contact, optical or inductive or any other type (see figure 3, in this case). 
However, this detection may also be effected by adding a magnetic distur- 
bance to the voltage present in the terminals of the motor 2, this disturbance 
being created, for example, by a constructive detail of the magnetic circuit of 
30 the motor. This is the case of the construction of the circuit 40, figure 4. 

According to two preferred solutions described here, the position 
sensor S may comprise the circuits 30, 40 illustrated in figure 3 and 4, which 




include a position sensor Sp by direct contact and a position sensor Ls by in- 
ductive sensor, respectively, and which can effect the control automatically, 
without the need to employ a microcontrolled circuit. 

The control system and method are carried out by means of a 
5 tiristor semiconductor device or bidirectional power switch T, which cyclically 
applies an electric voltage V to the motor L The trigger circuit G (gate or inlet 
G) of this switch T is actuated by means of the position sensor Sp, Ls, which 
sends a signal that generates the angle of triggering said switch T, this signal 
causing a retardation time proportional to the discharge level of the capacitor 
10 Cy. The gate circuit G connected to the capacitor Cy, sends a voltage signal 
\ to the linear motor 2 for a longer or shorter time, for the purpose of adjusting 

the cooling capacity of said linear compressor 1 . 

Figure 5 illustrates the wave shape of the voltage V applied to 
the motor 2 and the stretches where the semiconductor device T does not 
1 5 conduct, as well as the wave shape of the current I. 

As can be seen in figures 1 , 3, and 4, according to the teachings 
of the present invention, the capacitor Cy is associated to the semiconductor 
device T, so that it will be associated between - and re-fed - the outlet Sg 
and the inlet G of the latter, and also in association with the switch S. which 
20 indicates the passage of the piston by the point R. 

Figure 5 illustrates how this solution interferes with the voltage 
J level V of the inlet of the motor Lm. Raising the voltage in the branch of the 

capacitor Cy (see stretch A in figure 5) is a function of the capacitance values 
of the Cy and Cx and of the resistance Re. In this way, it is possible to adjust 
25 the circuit 30. 40 to varied constructions of the compressor 1 , so that the 
semiconductor electronic device T can be adequately triggered (see stretch 
A' in figure 5, where the semiconductor T conducts). 

The discharge velocity of the capacitor Cy is a function of the ca- 
pacitance values of Cy, Cx and of the resistance values of R, Rt (see stretch 
30 B of the curve in figure 5), which should be designed in an adequate way, so 
that the triggering of the electronic device T will occur in an adequate way. 

As can be seen in figure 3, a first preferred embodiment of the 



movement-control system includes the circuit 30, which comprises a position 
sensor Sp constituted by an electromechanical switch that is directly driven 
by the piston 10 when the latter passes by the point R. resulting in alteration 
of operation of the semiconductor electronic device T. 
5 In this embodiment, in order to trigger the semiconductor elec- 

tronic device T through the respective gate, the capacitor Cy is charged by 
means of the resistance Rb up to a level Vb (threshold voltage of the transis- 
tor T2), and remains in this state until the course of displacement of the piston 
10 reaches the point R, where the position sensor Sp will close contact (see 
10 Sp = On in figure 5) for a short period of time and will discharge partly. The 
capacitor Cy, in the next semicycle, will cause the semiconductor electronic 
device T to enter with some delay, as may be inferred from the deformation 
of the voltage curve V at the point 23, illustrated in figure 2 (see also figure 
3). 

15 The residence time at zero level (or a sufficiently low level in the 

winding Lm of the motor 2, so that the latter will not operate) of voltage V will 
depend upon the time during which the contact of the position sensor Sp has 
remained closed and upon the value of Ri + Rt (for example, a thermostat). 
The values Ri + Rt should be such, that when Rt is at the condition of maxi- 

20 mum resistance and the piston 10 reaches the point M, the capacitor Cy will 
be discharged at such a level, that the semiconductor electronic device T will 
not be triggered in the next semicycle. 

According to a second preferred embodiment of the present in- 
vention, and as may be seen in the system 40 illustrated in figure 4, the sen- 

25 sor S is carried out by means of a sensor or inductive element Lj. 

In this embodiment, the sensor Li detects (see Li = On in figure 
5) the passage of the piston 10, causing the transistor T2 to start conducting, 
discharging at least partly the capacitor Cy and actuating in a way analogous 
to that of the first preferred embodiment of the present invention. 

30 As may be seen in figures 3 and 4, the circuits 30, 40 are self-fed 

and, therefore, they dispense with the use of an external feed source, which 
reduces the costs of manufacture and maintenance. 




Further, the transistor Ti closes the circuit in the two embodi- 
ments, so as to trigger the electronic device T, actuating as a bidirectional 
switch: now charging the capacitor Cy, now discharging it. 

Since this is a self-fed circuit 30. 40, the present invention brings 
5 about, as an advantage, the possibility of dispensing with the use of an ex- 
ternal feed source, in addition to resulting in a low consumption of electricity 
(in the milliamperes range) and in addition to enabling the replacement 
thereof in the event of a failure. 

In order to implement the application of the systems described 
10 above, the present invention also foresees a method for controlling the 
movement of a piston 10 in a linear compressor 1 or any other fluid-pumping 
device 1 . This method comprises the steps of: 

- charging the capacitive element Cy by means of the resistive 

element Rb, 

1 5 - monitoring the movement of the piston 1 0 by means of the posi- 

tion sensor S; 

- maintaining the charge level of the capacitive element Cy until 
the position sensor S has detected the passage of the piston 10 by the point 
R, and 

20 - discharging, at least partly, the capacitive element Cy. 

Once the discharging step is finished, the capacitive element Cy 
is again charged, as may be seen in figure 5. 

It is also an objective of the present invention to construct a fluid- 
pumping device 1 . provided with the system for controlling the movement of 
25 the piston 1 0, to prevent the latter from bumping into the valve plate 1 1 . 

Thus, according to the present invention and to its teachings, 
collision of the piston 10 with the valve plate 11 may be avoided. The inter- 
mediate situations will serve as a control over the capacity of the compressor 
1. 

30 The system and method of the present invention enable one to 

estimate, at each cycle, the oscillation amplitude of the piston 10 much more 
precisely, enabling the electronic control to react for compensating the varia- 
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tions in the cooling capacity (in the case of application in compressors), 
which are slow variations, maintaining the average amplitude of the course of 
oscillation of the piston 10 at the desired value and equal to P. This system 
and method also enables rapid reactions of the electronic control for com- 
5 pensating shape variations in the operation conditions caused by fluctuations 
in the feed voltage, and these corrections should be imposed at each oscilla- 
tion cycle, so as to correct the amplitude of the stroke of the piston 10 in the 
final portion of its path, after passing by the physical reference point R. 

The system and method of the present invention result in the ad- 

10 vantage of a rapid reaction, with corrections at each cycle, without the need 
for estimates based on the voltage and current imposed on the motor 2, and 
without mistakes due to secondary variables such as temperature, the con- 
struction of the motor 2 and the displacement of the middle point of oscillation 
of the piston due to the average difference in pressure between the faces 8, 

15 9 of the piston 10. 

The present invention enables one to implement an effective 
control over the course of displacement of the piston 1 0, independently of the 
required cooling capacity, whereby one can prevent the piston 10 from bump- 
ing against the valve plate 1 1 . even in the presence of rapid disturbances 

20 caused by the natural fluctuation of the voltage in the commercial network of 
electric energy. 

Preferred embodiments having been described, it should be un- 
derstood that the scope of the present invention embraces other possible 
variations, being limited only by the contents of the accompanying claims. 
25 which include the possible equivalents. 




CLAIMS 

1. A control system for coritrolling the movement of a piston (10) 
in a fluid-pumping device (1), the piston (10) being displaceable in a block (5) 
5 of the fluid-pumping device (1) and being driven by a motor (2) fed by a volt- 
age (V), the system comprising: 

- a semiconductor electronic device (T) having an outlet (Sq) and 
an inlet (G), the semiconductor electric device (T) cyclically applying the volt- 
age (V) to the motor (2) to drive the piston (10); 

10 - a resistive element (Rb); 

- a capacitive element (Cy); 

- a piston-position sensor (S) to indicate the passage of the pis- 
ton (10) by a point (R) at the block (5) of the fluid-pumping device (1); and 
the system being characterized by: 

15 - the capacitive element (Cy) being electrically connected to the 

semiconductor device (T) between and re-feeding the outlet (Sq) and the 
inlet (G), the capacitive element (Cy) triggering the semiconductor electronic 
device (T) to apply the voltage (V) t o the motor (2); 

- the capacitive element (Cy) being charged by means of the re- 
20 sistive element (Rb) at each cycle of application of voltage (V) to the motor 

(2), the capacitive element (Cy) being discharged, at least partly, when the 
piston (10) passes by the point (R) and delaying the trigger point of the 
semiconductor electronic device (T) in a subsequent cycle proportionally to 
the time of passage of the piston (10) by the point (R). 
25 2. A control system according to claim 1 , characterized in that the 

semiconductor electronic device (T) is self-fed by the voltage (V). 

3. A control system according to claim 1 , 2, or 3, characterized 
by additionally comprising a triggering semiconductor electronic device (Ti) 
electrically connected with the inlet (G) and with the capacitive element (Cy) 

30 and resistive element (Rb). 

4. A control system according to any one of claim 1 to 3, charac- 
terized in that the electronic device comprises a bidirectional power switch 




(T). 

5. A control system according to any one of claim 1 to 4, charac- 
terized in that the sensor (S) is electrically connected with the entry (G) of the 
device (T). 

6. A control system according to claim 5, characterized in that the 
device (T) is actuated by a semiconductor electronic device (T1). 

7. A control system according to claim 6, characterized in that the 
position sensor (S) includes a contact element (Sp) for contact with the piston 
(10). 

8. A control system according to claim 7, characterized in that the 
position sensor (S) includes an inductive element (Li). 

9. A control system according to claim 8, characterized in that the 
inductive element (Li) is electrically connected with a semiconductor device 
(T2). 

10. A method of controlling the movement of a piston (10) in a 
fluid-pumping device (1), the piston (10) being displaceable in a block (5) of 
the fluid-pumping device (1) and being driven by a motor (2) fed by a voltage 
(V), the method comprising the steps of: 

- charging a capacitive element (Cy) by means of a resistive 
element (Rb). 

- monitoring the movement of the piston (10) by means of a posi- 
tion sensor (Sp, Li), and 

the method being characterized by: 

- maintaining the charge level of the capacitive element (Cy) until 
the position sensor (Sp, Li) has detected the passage of the piston (10) by a 
predetermined point (R) at the block (5), and discharging, at least partly, the 
capacitive element (Cy). 

11. A method according to claim 10, characterized in that, after 
the step of discharging, the capacitive element (Cy) is again charged. 

12. A method according to claim 10 or 11, characterized in that, 
in the step of monitoring the movement of the piston (10), a contact element 
(Sp) is actuated. 



13. A method according to claim 10 or 11, characterized in that, 
in the monitoring step, an inductive element (Li) is actuated. 

14. A fluid-pumping device (1) comprising a piston (10) displace- 
able in a block (5), the piston (10) being driven by a motor (2) fed by a volt- 

5 age (V), and comprising a circuit (30, 40) having a semiconductor electronic 
device (T), a resistive element (Re), a capacitive element (Cy) and a piston- 
position sensor (S) to indicate the passage of the piston (10) by a point (R) at 
the block (5); 

the device (1) being characterized by comprising: 

10 - the resistive element (Rb) and the capacitive element (Cy) be- 

ing electrically connected with the semiconductor electronic device (T), re- 
feeding an outlet and an inlet (G) of the latter; 

- the capacitive element (Cy) being charged by means of the re- 
sistive element (Rb) and being discharged, at least partly, when the piston 

15 (10) passes by the point (R). 

15. A device according to claim 14, characterized in that the cir- 
cuit (30, 40) is self-fed. 

16. A device according to claim 14 or 15, characterized in that 
the electronic device comprises a bidirectional power switch (T). 

20 17. A device according to claim 14, 15, or 16, characterized in 

that the position sensor (S) includes a contact element (Sp) for contact with 
the piston (10). 

18. A device according to claim 14, 15, or 16, characterized in 
that the position sensor (S) includes an inductive element (Li). 



